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Abstract
We provide evidence of the detection of a new non-Gaussian anomaly in the cosmic microwave
background (CMB) radiation which has larger statistical significance than the Cold Spot (CS) anomaly
and comparable size. This temperature anomaly is aligned with a huge large quasar group (HLQG),
and for this reason we call it HLQG anomaly. There are different physical phenomena by which the
HLQG could have produced the observed temperature anomaly, such as for example the Sunyaev
Zeldovich (SZ), the integrated Sachs Wolfe (ISW) or the Rees Sciama (RS) effect. The goal of this
paper it is not to explain the observed alignment in terms of these effects, but to show the shape and
position of the HLQG anomaly, and estimate its statistical significance, i.e. the probability that it
could be just the result of primordial Gaussian fluctuations.
We analyze the CMB Planck satellite temperature map of the region of sky corresponding to the
angular position of the HLQG, and compute an inner and an outer temperature by averaging the CMB
map over respectively the region subtended by the HLQG on the sky, and over a region surrounding
it. It turns out that the inner region is warmer than the outer one, with a measured temperature
difference of ∆T obs ≈ 43µK. The temperature excess is then compared with the results of Montecarlo
simulations of random Gaussian realizations of the CMB map, indicating with at least a 2.3σ confidence
level, that the measured ∆T obs cannot be attributed to primordial Gaussian fluctuations.
The HLQG anomaly has a higher statistical significance than the well known CS, and as such its
detection provides a new important violation of Gaussianity. Its angular extension in the longitudinal
direction is about three times that of the CS, while its total angular area is comparable, due to its
elongated shape compared to the CS. Our results are stable under the choice of different simulations
methods and different definitions of the inner and outer regions.
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I. INTRODUCTION
The CMB radiation provides a unique window on the early Universe, and has allowed to to
test the standard cosmological model to a very high level of accuracy. The CMB temperature
field is compatible with the inflation prediction that primordial curvature perturbations were
Gaussian, but some temperature anomalies such as for example the Cold Spot (CS) have
received a lot of attention, due to the low probability, about 1.85% [1], that could be the result
of primordial Gaussian perturbations. In this paper we provide evidence of the detection of
a new temperature anomaly of comparable size which has larger statistical significance than
the CS, i.e. a probability lower than 1.85% to be the consequence of Gaussian primordial
curvature perturbations. This temperature anomaly is aligned with a huge large quasar group
(HLQG), which has a mean redshift of 1.27, characteristic comoving size of ∼ 500 Mpc and was
previously identified by analyzing galaxy catalogs. We call the observed temperature pattern
HLQG anomaly, due to its alignment with the HLQG. While there is a possibility that this
alignment could be accidental, the detection of this temperature anomaly hints to the fact that
the HLQG may be affecting the temperature of the CMB photons propagating though it.
There are different physical phenomena by which the HLQG could have produced the ob-
served temperature anomaly, such as for example the Sunyaev Zeldovich (SZ), the integrated
Sachs Wolfe (ISW) or the Rees Sciama (RS) effect. The goal of this paper it is not to explain the
observed alignment in terms of these effects, but to show the shape and position of the HLQG
anomaly, and estimate its statistical significance, i.e. the probability that it could be just the
result of primordial Gaussian fluctuations, in which case the alignment would be accidental.
The analysis of the Data Release 7 (DR7) quasar catalog of the Sloan Digital Sky Survey
has allowed to identify a huge large quasar group on Gpc scales (HLQG) [2]. Some doubts have
been raised about its physical existence and its size challenges the theoretical predictions of the
ΛCDM cosmological model for structure formation.
The HLQG was detected in the quasar catalog by 3-dimensional single-linkage hierarchical
clustering with an estimated significance of 3.8 σ by comparison with a control sample of
quasars within a redshift interval identical to the range covered by the LQG member quasars.
The estimated mean quasar overdensity of the HLQG is δq = δρq/ρq = 0.4, which may be
hypothesized to be representative of the average total density contrast.
A further corroboration of the HLQG has been provided [2] using the distribution of Mg
II absorbers in the same redshift interval of the member quasars. However, its reality has
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been questioned [3], based on the empirical fact that distribution of nearest-neighbor distances
between quasars belonging to a certain subsample of the DR7QSO catalogue follows an approx-
imately Poisson point distribution, and on the assumption that this can be used to generate
simulated quasar samples. This assumption, while reasonable as a clever simplifying hypothesis
for a first study of the problem, is only based on empirical evidence from a subsample, and
would require to be supported independently by actual n-body simulations, that take into con-
sideration that quasars are transient events within galaxies, to be fully trusted. Consequently
the statistical results based on it may not be a completely realistic estimation of the likelihood
of these structures. This implies that their method underestimates the probability of formation
of structures like the HLQG, since the real Universe galaxy and quasar spatial distributions
are gravitationally structured, and are not just Poisson distributions. On the other hand the
detection of HLQG and similar structures has been confirmed by Park [4], while their statistical
analysis is affected by the same unverified assumption for the use of the Poisson distribution
in simulations. Further evidence of the existence of HLQG was given by Hutsemekers [5] who
investigated the alignment of quasar polarizations with the HLQG preferential axes. Further
support for the existence of these type of structures as compared to ΛCDM simulations is pro-
vided by the analysis of the distribution of luminous red galaxy also in the Sloan Digital Sky
Survey data release 7 [6], which is found to be far from Poissonian using Minkowski functionals.
It also shows significant deviations from the ΛCDM mock catalogues on samples as large as
500h−1Mpc (more than 3σ) and slight deviations of around 2σ on 700h−1Mpc.
For the search of anomalies in the CMB, we define an inner region subtending the HLQG
and an outer region surrounding it, and then compute the temperature averaged over the two
regions, and their difference. We then perform a Montecarlo analysis based on random gaussian
realizations of the CMB sky, and find the statistical distribution of the simulated temperature
difference. We conclude that the possibility that the observed temperature difference is simply
the consequence of primordial gaussian fluctuations seeded by post-inflationary primordial cur-
vature perturbations can be excluded with a confidence level of ≈ 2.5σ. The statistical results
are stable under the choice of different methods used to generate the simulated CMB maps,
and different definitions of the inner region.
The detection of the HLQG anomaly can be considered the equivalent of the recently ob-
served alignment of the cold spot with a very large void [7], and as such provides further evidence
of the importance of CMB observations as a tool for the study of large cosmic structures [8] .
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II. ANALYSIS OF THE OBSERVED CMB MAP
The method used in identifying the HLQG was based on a friend of a friend algorithm
applied with a linkage scale of 100 Mpc, resulting in 73 member quasars spanning the 1.17-1.37
redshift range and a mean linkage lenght of 66 Mpc. Similarly to [2] we associate a spherical
volume to each quasar member with a comoving radius of 33 Mpc, and we define the inner
region of the CMB temperature map as the projection over the celestial sphere of these 73
spheres.
The outer region is instead defined as a strip enveloping the inner region, with an interme-
diate separating strip, to clearly separate them. The purpose of these definitions is to define
a measure of the difference between the temperature of the region of the CMB map which
should be affected by the HLQG, and a surrounding one which should not. This is motivated
by the theoretical expectation for the effects of inhomogeneities of the gravitational field on
the CMB photons. In the case of supervoids an inner cold region surrounded by a hotter ring
is the predicted Rees-Sciama effect, while for an overdensity like HLQG a similar but opposite
pattern is expected.
In order to exclude artificial selection effects related to the definition of the inner and outer
region, we consider different prescriptions. The IN1 is the result of the projection on the sky
map of the concave envelope containing all the spheres. The envelope is obtained by calculating
the α-shape, with an alpha value of 0.6 deg, over the set of circumferences of radius 33 Mpc
centered at each quasar. The IN2 region is obtained as a superposition of the projections of
the 33 Mpc spheres on the sky map.
As can be appreciated in the table II and figure. (3), the different choices of the method
used to define IN1, IN2 do not have any significant effect on the data analysis.
The outer region is defined as the region between two lines corresponding to the projection
on the sky map of the two concave envelopes containing respectively spheres of radius 2∗33 Mpc
and 4 ∗ 33 Mpc. centered at each quasar location. This definition leave a buffer between the
inner and outer region in order to set a clear separation between the two. The above definitions
are represented in details in fig.(1-2).
For the calculation of the average temperatures we use the healpy implementation of
HEALPix[9] to analyze the Planck mission Data Release 1 Inpainted SMICA CMB map [10],
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Inner region ∆T obs(µK)
IN1 43.062
IN2 45.343
TABLE I: Observational data. In the second column it is reported the averaged temperature difference
between the inner and outer region. All the averaged values are obtained from the Inpainted SMICA
map [10]. The two rows correspond to the two different definitions of inner region.
version 1.20. We define the temperature difference according to
∆T = TIN − TOUT ; TOUT =
∑
i∈OUT
Ti ; TIN =
∑
i∈IN
Ti (1)
where TOUT and TIN are the temperature averaged over the pixels contained in the outer and
inner region respectively. The same definition is applied for consistency of the analysis to the
observed data and to the simulated maps.
III. SIMULATIONS OF CMB MAPS
We use the SYNFAST routine of the HEALPIX [9] package to generate 100 CMB map
simulations. The mask which contain the inner and outer regions is then rotated randomly
106 times for each map, giving in total 108 random realizations. The distribution of average
temperatures is obtained from the average computed over all rotations and over all the different
simulated maps, i.e. over the 108 random realizations. The random rotations are performed us-
ing an efficient random rotation matrix algorithm [11], to ensure the correct uniform probability
distribution of the randomly rotated regions over the 2-sphere .
In order to exclude the possibility that our results are affected by the procedure adopted to
generate the simulated maps we use and compare the results of four different methods. Each
method uses a different power spectrum in SYNFAST.
• Method I: Simulations obtained using the power spectrum of the raw SMICA CMB
[10] map calculated with the ANAFAST subroutine[9]. The raw map is masked for
contaminated pixels using IMASK.
• Method II: Simulations obtained using the power spectrum of the Inpainted SMICA CMB
map, calculated with ANAFAST.
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• Method III: Simulations obtained using the best fit lensed power spectrum of the
base+lowl+lowlike+highL data [12] from the Planck Cosmological Parameters Data Re-
lease 1.
• Method IV: Simulation obtained using the theoretical calculation (with CAMB)
of the unlensed power spectrum corresponding to the best fit parameters of the
base+lowl+lowlike+highL data [12] from the Planck Cosmological Parameters Data Re-
lease 1.
IV. INTERPRETATION
The analysis we have performed shows that the CMB photons propagating through the region
of sky subtended by HLGQ are on average warmer than the ones going through the surrounding
region, as can be seen in Table I. The observed temperature difference can be excluded with a
2.3σ confidence level to be simply the result of primordial gaussian fluctuations, as shown in
Table II and fig.(3). This means that the probability that the observed temperature pattern
could be the result of a Gaussian primordial fluctuations is about 1%, which is less then the
1.85% of the CS.
Assuming the RS effect is the cause of this temperature pattern this can be considered a
rather convincing evidence that HLQG is associated to a large scale spatial inhomogeneity of
the gravitational potential. Nevertheless since we have considered averaged temperatures, we
can just infer information about the average gravitational potential. This implies that it is
possible that HLQG is not a single continuous extended overdensity, but a collection of two
or more, since once the temperature is averaged the possible separation between substructures
cannot be resolved. Consequently, while our results provide evidence of an averaged large
scale spatial inhomogeneity of the gravitational potential aligned with the HLQG, it does not
exclude the possibility that the structure corresponding to the HLQG is composed by smaller
disconnected substructures. The maximum longitudinal extension of the CMB anomaly we have
found is about 35 degrees, making it much longer than the cold spot, while their total area
is comparable, due to the elongated shape of the sky projection of the HLQG. The angular
longitudinal size can be compared to the cold spot because it is located at about the same
latitude on the opposite hemisphere.
To a certain extent the very definition of connected structure depends to the freedom of choice
7
of the linking length used in the friend of friend algorithm used to detect these structures in
galaxy catalogs [3], so our results can be considered a better method to assess the presence of
the HLQG since is based on the detection of the actual effects of its gravitational potential,
and as such is not subjected to the arbitrariness of the choice of the linking length.
Since along the same line of sight there can be more than a quasar it is difficult to use the
CMB alone to determine in details the substructure of the HLQG, but such an analysis could
be performed in the future with improved CMB maps, in the attempt to find the imprints
of every single quasar, for further confirmation they are actually connected. Nevertheless our
analysis provides for the first time a strong evidence that the HLQG has a spatially averaged
density higher than the surrounding space, as it can be deduced from the CMB temperature
averaged over the region of sky subtending it.
Finally it should be noted that the statistical analysis we have performed strictly speaking
is giving the probability that the observed CMB temperature pattern aligned with the HLQG
is not the consequence of primordial random gaussian fluctuations, but careful calculations
are required to confirm that it can be entirely ascribed to the RS effect. Such an alignment
itself could be accidental in principle, but the fact that also another CMB anomaly such as the
cold spot is aligned with a large void [7], while the theoretical calculations so far performed
predict a quite different temperature [13–15], makes the accidental alignment a less probable,
while still not impossible, explanation. It could be that some of the technical assumptions and
approximations made in the theoretical calculations of the RS effect, such as the gauge choice
used for the cosmological perturbations or the choice of exact solutions of Einsteins equations
used for non-perturbative calculations, do not describe correctly the physical properties of these
structures.
Since our results are based on averaging temperatures, and as a such are related to the spatial
average of the gravitational potential, another important effect which may be necessary to take
into account is the proper theoretical treatment of large scale inhomogeneities and the averaging
of the Einsteins equations[16–22], since back reaction effects could substantially modify the
results of perturbation theory. On the other side, a modification of General Relativity seems
a less likely explanation given its success in many other experimental tests. While this goes
beyond the scope of the present paper, it definitely deserves careful future investigation, in
order to establish a consistent theoretical framework able to explain the observed alignment
of CMB anomalies with large scale structures. The importance of a proper consideration of
the effects of inhomogeneities in the analysis of cosmological and astrophysical data has been
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shown also in other contexts such as interpretation of the baryon acoustic oscillation (BAO)
peak affected by relativistic structure formation [23, 24] or the analysis of small-scale features
[25].
V. CONCLUSIONS
We have analyzed the Planck CMB temperature map data in the region of the sky subtended
by the HLQG, and have found a temperature difference between that region and an outer
one surrounding it, with a statistical significance at approximately 2.3σ confidence level. The
statistical significance is independent of the method used to define the inner region. The HLQG
anomaly is in qualitative agreement with the theoretically expected effect of a large overdensity
on the photons propagating though it, consisting in a warmer inner region contrasting with
a colder outer one. This is the opposite of the CS, where a hot ring is surrounding the cold
inner region. Despite this qualitative agreement the accidental alignment cannot be excluded
until a careful comparison of theoretical predictions with observed data is performed. On the
other side the detection of the HLQG anomaly is in itself an observational fact, which can be
attributed to primordial Gaussian perturbations with a probability lower than the CS. Whether
its alignment with the HLQG can be explained or not in terms of know physical effects such
as the ISW, RS or SZ effects, the HLQG anomaly has a statistical significance higher than the
CS and a comparable size, making it a new important violation of Gaussianity which deserves
further study in the future. Its importance is independent of our present ability of explaining
its existence in terms of the effects of the HLQG on the CMB photons, in the same way the CS
is an important CMB anomaly despite the absence of a conclusive theoretical explanation of
its existence as the effect of a large void aligned with it. In the future it will be interesting to
perform a systematic search for the alignment of other CMB anomalies with other very large
cosmic structures detected through the analysis of galaxy catalogs, in order to determine if such
alignments can be accidental or are in fact due to the effects of the propagation of the photons
through the subtending structures.
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Simulated Results: HLQG
Method Zone ∆T sim(µK) σ∆T (µK) p(∆T
sim > ∆T obs) ∆T
obs−∆T sim
σsim
I
IN1 0.002 17.768 0.007 2.423
IN2 0.003 17.977 0.005 2.522
II
IN1 0 18.134 0.008 2.374
IN2 0 18.348 0.006 2.471
III
IN1 0.002 18.327 0.009 2.349
IN2 0.001 18.574 0.007 2.441
IV
IN1 0 18.295 0.009 2.353
IN2 0 18.539 0.007 2.445
TABLE II: Results for the ∆Ti on the Montecarlo simulations obtained with different methods. The
columns correspond from left to right respectively to simulations method, the inner region definition,
the average inner outer region temperature difference, the standard deviation of the simulated temper-
ature difference frequency, the normalized probability that the simulated temperature could be greater
than the observed one, and the ratio between the observed temperature difference and the standard
deviation obtained from simulations. The results are given for four different simulations methods, and
for the two different definitions of the inner region. The upperscripts obs and sim stand respectively
for observed and simulated.
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FIG. 1: The black line is the frontier the inner region IN1. The inner region IN2 corresponds to the
dark gray area, and is given by the projection on the sky of the individual quasars composing the
HLQG. The map is a cartesian projection of the galactic coordinates of the region of sky subtending
the HLQG.
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FIG. 2: The cartesian projection of the SMICA CMB temperature anisotropy map is plotted for the
region of sky of the HLQG. The two dashed black lines define the borders of the outer region. The
solid black line define the inner region IN1. The black dots correspond to the centers of the quasars.
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FIG. 3: The normalized frequency of the simulated averaged temperature difference ∆T1 is plotted
for method I,II,III,IV respectively in panels (a) , (b) , (c) and (d). The inner region used is IN1. The
vertical line marks the observed temperature difference ∆T obs1 .
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FIG. 4: The normalized frequency of the simulated averaged temperature difference ∆T2 is plotted
for method I,II,III,IV respectively in panels (a) , (b) , (c) and (d). The inner region used is IN2. The
vertical line marks the observed temperature difference ∆T obs2 .
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